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An a x ia l e le c tr ic  a re  in  argon in  a ra d ia l siagaett© f ie ld  m  
'efcpef£i»ent&ily stud ied  fa r  are voltages a® to  fOO volts* are  current# 
up to ' §0 asaperes* and strengths up to  k3® gauss in  the
pressure range of to  150 microns »g# . Use a re  ex h ib its a strong 
p o sitiv e  vo it-as^ere efaaracrtexlstie;.. the slope of the p o sitiv e  
e h a m e te ris tie  i s  im m m ^  laereaaing the nsgnetie f ie ld  of, 
decreasing the gas pressure *”' Measurements of charged p a r tic le  con** 
c a s tra tio n  aati H all cu rren t are presented, and: a  sinpl@ dem onstration 
o f plasma acceleration, i s  described*, S e»i-$aalitA tlva explanations o f 
the various e ffe c ts  are  presented*
8M £ <F AH &XW* MMQWM M g
m  .4 m M A t iM SM fio n o n a
t e  ax ial eJjN ttrie.am  in. a rad ia l -magnetic f ie ld  Ism heen suggeste# 
im  mm m  m phm m  #toi&le ra te r*  Wmmm# m  ptm im m  exp^riu^ntai to res* - 
tlgstiene of th is  «»£ignm iie» 1mm heen found* and the arc ofcaraeteris$i®$ 
. are m% easily  predicted* the present projeet is  an experiip&irtaX study 
of the eiiaraeteristies of th is  .are m i of the physical mechanisms that 
•occur*
.lie e tr ie  ares in a a g n e tie  f ie ld s  hare teen  stud ied  extensively  fo r 
a  v arie ty  of configurations and fo r  .large ranges o f a re  voltage* ora 
current* gas pressure* and imgaetle*fieXd stren g th , im w e rf in  t e s t  of 
these studies* the B x l  d r i f t  motion o f the electrons i s  tr a d e d  t>y the 
buildup of" space charge, tiro o f these s ta le s #  which a re  sim ila r to  the 
presen t eonfiginraiiona in  th a t • the electron  d r i f t  motion i s  m% impeded, 
are the re fle x  eyre (refs#  1* t*  and 3) sad the annular magnetic are  
(ra d ia l e le c tr ic  f ie ld  a n t a x ia l magnetic f ie ld s  r e f s , t  and 3 |»  While 
these stu d ies a id  the in te rp re ta tio n  o f the presen t te s ts f im portant 
d ifferences remain, which lim it th e ir  usefu lness, th e  reflex, a re  trap s 
the electrons w ith e ie o tr ie  and magnetic f ie ld s  w hile the p resen t eonflgu* 
ra tio n  adieus the electrons to  d iffu se fre e ly  to  ‘the walls* th e  annular 
magnetic a re  employs me&Sm electrode separations la rg e r gas pressures* 
aM  la rg e r ia&g»frtlo*fiei& streng ths than the presen t G onfiguration,
r^.-t^tjm.j d : '‘.'.inciri.-r Tr:-m:iM.tirr.-'r:r ~^i)i]>Mriiiiririiirtf; ;,-rir r ^ T t ~;
d e p o s e d  by ft* f  * le s s  and others a t  the th ird  1H$& In te r  center 
ite rtln g  m  l^gnetopxasmadrnamics * Tangier Baaeareh -Center* A pril I 96t*
i
Wm p re se n t c o n fig u ra tio n  employs m  a x ia l  e l e c t r i c  a re  3® cm- long, 
is- a ra d ia l 'magnetic f ie ld  estab lished  by mg»a of an ex tern a l t o i l  and 
an iro n  to re  p la te d  along th e  a x is  ©f th e  d isch arg e  % Hie a re  i s  opera ted  
at- voltages at- to  JO@ volte* © w rests up to  §0 amperes* m gsabio^fieM  
streng ths up to  490 gauss fo r  - a  pressure range of I f  to  igO mierems Ig* 
-Argon Is  used at- the- discharge gas.* Hie prtneipfc^ q u an titie s  presented 
ay# a re  voltage* .©re current* charged, p a r tic le  densitf** H all - current*
;a p t p o te n tia l d is trib u tio n . A simple -demonstration o f p lasm  aeeelem tion  
l a  described, ■ S e ia i^ u a lita tiv e  explanations o f the various e ffe c ts  a re
i m i s s i b s
& o f the experlm m tnl apparatus 1® presented in  fig u re  1*
and -a photograph <& *&*■ disehurge M  in  fig u re  f  * f ie
,y
dlsefeurge i t  contained in  a glm a tube f  *f m  in  diam eter b$
,p  m  in  len g th . fhe anode m e tm  cathode me. w ater *eeoled rings* 
the e lectrode surface exposed to  tim  gas has an insM s dia& eter of 
1*1 m  m& a  length of 5*0 cm* Aa iron  core* S #  cm i s  diam eter and 
I f  *8 m  in  leng th , i s  placed Inside the discharge. Hi# m m  i stt
lam inated i s  o r i t r  i s  pyeveat rad ic a l d is to rtio n  o f the e le c tr ic  fis-M* 
fill® iron  core i t  in su la ted  from the discharge and supported by m 
$-M cm diam eter ”% eorw tube, w him  extend® w ell be$m& th e  discharge 
region,. A dditional g is ts  p ieces are placed os e ith e r  side of flse 
e lte tro d e s  to- provide supports fo r  the cen ter g is ts  tu&a and to  provide 
' i s l e t s  fo r gas* moaum, and pressure meter lis ts ,*  *0~ringsM o f ra th e r 
a s i s ilico n e  are used fo r vacuum te a ls  between 'the various components * 
fh© magnetic fieM  i s  supplied by m  ex tern al c o il of %$0 turns 
o f number IS AW0 copper wire* Ihe iron  core, which is- p la ted  in side 
the region of the discharge, produces a  magnetic f ie ld  whose ra d ia l 
component is  la rg e r 'to n  the ax ia l component (fig# J).« the ra d ia l 
competent of the magnetic f ie ld  i s  mot- cons ta u t across the-' tube so we 
have used an average value in. the presen tation  o f Hie esperim eatal 
re su ltt*  i&e shape o f th e  » g n e tis . fic M , however# remains, unchanged
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if  or magoet m em ntn  to  about 3,5 amperes to  m  average
ra& fat iaagoetto fieM  o f *>00 gauss) * A t fimgoet ourreots M.gber tb&o 
1$ m ^m B  f tb s  iron  eore begtos to  saturate* resutM ug to  a  targe 
. iiMsrease to  tb s ax la t eo^oneo t o f t t e  fieM - # itb  oaly a  sm iX  iuerease 
Of the ra&i&I oos^ooeotw
mmm* -mm*.
Are cu rren t and 'voltages- are m anured w ith standard moving cfot.l. 
m t o s  ami i r »  -else s m e o r it i  m&s&tm*m$$ m  paper t o r t s » t o  accu rac ie s  
s#  to n e  m eters aim w all w ith in  the s c a tte r  o f th e  data*
lm  d en sitie s  -art determined fw m  the voit*ampere to r a c te r ts t ie s  
o f sm all tangsten^wire probes In serted  la  t o  d is to r t©  fref*  $)* 
t o  p a rt of t o  tim g a to  w ire t o t  i s  g$pooe& to  t o  discharge la  
0*03$ era in  diam eter m i  0*f$ am in  length and la  orien ted  along t o  
social d irec tio n  a t  various p o s itio n  in  t o  discharge* t o  r e s t  o f t o  
tangs ten  wire i s  enclosed in  a  wm&&  tabs which passed through am 
outer g lass i t o *  4  voltage supply con sistin g  o f several b a tte r ie s  i s  
attached  to  to -  probes* t o  voltage supply earn he varied  in  10 step* of 
M S  w aits -ant one continuously variab le range of ® *M S v o lts  * t o  
probe voltage- and to rre n t ml& tfam  to- m m  reference p o te n tia l are 
measured by standard mtomB m& a re  recorded by bsrafU ■typical .resu lts  
■to- tows In fig u re  k* t o  p o te n tia l a t  a p o in t in t o  discharge w ith 
t o  probe absent i s  defined m  t o ’ p la sm  p o te n tia l * t o  flo a tin g  
potential is defined as t o  probe p o te n tia l for aero probe- 
tot t %  efuai numbers of ©leotrems and positive Ions are eo llee ted  by 
t o  probe surface* fhe floating potential is typically i to  l@ volts 
lower than, t o  p lasm  po ten tia l*  for  probe voltages considerably belcw 
t o  p lasm  po ten tia l*  most e lectrons a re  rep e lled  and .positive ions mm
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attracted to the probe- surface causing a positive current in the probe 
clreM i* tovergely# at high probe voltages* positive iem  are repelled 
ani a large negative current I# produced by collection of e t o iiw s  of 
the- probe.*- At either egtom  in  probe voltage* almost .all*, charged 
l & r t l o t o  o f  c&e nigh' 1ft th e  v i c t o ' t r  o f  t o "  p rehe  a re  toU atfsN l and t o : 
probe e n t r e a t  % m n i  .a n to ^ ie t*  r e p a i n t  f a i r l y  c e m t o i *  f o r  in fe r*  
d ila te  voltages (that £$/ $m$ below the plasms potential) # a transition  
reg io n  occurs a t ' v h t o  e le c tro n s  i&t& en e rg ie s  .g rea te r than, th e  opposing 
potentials: mm reach five probe surface and theft electrons account im  
most o f ' t o  probe current*
I*  r e f tr tn e t 6* the e lectro n  d ensity  i t  d e to » i8e& from the sa tu ra ted  
probe cu rren t at- high voltages and the e t o t o h  tem perature '■$# determined 
from the tra n s itio n  regions* However* a  sM flc ien tly  strong magnetic 
f ie ld  g rea tly  "alters the probe cu rren t fo r these regions o f probe 
vetoes© * fh d s  t o u l t s  because o f 't h e  .large re d s e t io a ." ^  th e  d if fu s io n  
c o e ffic ie n t fo r eleetrom  motion in  d ire e tio m  perpendicular t o - t o  
magaetie fie ld *  A tte s ts  to  analyse 'th is  s itu a tio n  have no t been 
to f ie b e ly  sueeasafm l (ref* 7} beeaase plasma o sc illa tio n s  e x p lic a te ' 
the s i to f to .*  Bcwever*. i f  the magnetic f ie ld  I#  not too strong* the 
eeaeeabr& ito  o f  charged p a rtic le s  can be determined from probe curren ts 
iiiiiet* a re  sstom bed by p o sitiv e  ions a t  the lower probe p o ten tia ls*  
t o  main physical featu res are  .as follows* t o  negative p to c  rep e ls  
e lectrons*  re su ltin g  i s  a  sheath o f p o sitiv e  t i r o  in. the Immediate 
v ic in ity *  m is  p o sitiv e  't o  sheath ©Melds most of t o  e le c tro s ta tic  
.f ie ld  o f the probe .from t o  plasm * However* the resid u a l f ie ld  a ttra c ts  
ions to- t o -  probe*. Assiaming th a t  th e  sh ea th  tbi-ckness i s  macb le s s  than  
t o  probe dimensions* Sobm (re f*  7 ) shove th a t  t o e  c o lle c te d  by t o '
mpet&m a
.Jp *  $*4 A
i^ isre
&g itt&ribip o f ioaa g&r
pf’Ofe© ©lisrreilt# l$aP©a©£$
0 OlftetJfi'Otl % $ n  W r ^  mu&mfc®
4  jsrofee are% O»0go ©as?
1  S e ito a a  eosatorfe, 3UJJ0 x W ^
@1 w is- of. ions* fS#HS x  £0* ^  ga
etetoo  toprato** %
0*4 a y*i*§ty| M^|i3L Of oiNt©3? UllStgf* ©fop»f^ l4flg ou fjji»
gemae^r o f t o  exeetric fie'M  in  t o  irioifittsf a t t o  profet 
Wm wzmm?e&. v$3hm  -of cosr Is© sufeatitutoi ta  t o e  to
M m i M  t o  p o s i t iv e  to *  toa& itr*
ffeis e g tg a tto  a$gtme& t o t  t o  m  f m e  p& toeff t o  p o a t t t o  io n s  
4a gpoeetef* tiM|t> tli© paste Sli^ iftstoiis^  the po&%tXv^ t tea sl^ aife is ssasllsr 
tti&n tti$ jsrofee ii£EiasSoti©F tls© potttt'tr# to© tg ^ m lii is loo® tfe&o 
t o  © totrom  to f^im ttsre*  raft t o  $m $M m  im  $» s in g ly  to sse d *  U teie 
.eosAltlons or© fw^ yMafj^y satisfied . for tfes present tests*  S * s  caution, 
must 4© used tn  npplying tut® s^ istto*  sto&  t o  cg&e negative profes ■ 
wl,tagBs ineress© tiss efoeatfo wbioi* in tun* lacrosses tli©
s f t o t t o  eo& l& etog s r e s  of- t o  p e to *  t o s  lam g& S ng p t o  e u m & t 
ooetirs for soot^ osiiiglir xx^pttvs pels© r&tfeer nxtn a fixed
satamtaft ©uriwt, t o  mmm% to fee a e i  la  e v a to to g  »f I* 
detoatto afprosimtel# fear ©sitetos to  storalgbt. pctfttttsi «t to  earn
to  to .- f  ©gloss o f t o  plasma p o te n tia l (fig* 4}* Sine© t o  e^ rim e m ia l 
curves o f prefe© cu rren t -show only a  s lig h t slot©* 't o  m lue 'of t o  
cu rren t chosen should m% fee, -greatly  1m  e r ro r  because of " to  uncertain ty  
.cf t o  pl&stsa po ten tia l*
■A .acre serious- drssrfe&eir is  the dependence of jl on t o  electro®r
- 'te i^ ie to e * . $e . - to ' v a lid ity  o f t o  e lec tro n  tem perature measurement 
&& a  aap ie iio  fie M  "fey' a  ©iiagle- profe© i t  open to  mm* a t
prev iously . 1  m m  re lia b le  determ ination of e lec tro n  
' t e t o r a t o t  s ^ p i r « t  t o  use o f double probes (ref*  8) o r apaotoaaopi#
; methods (ref* 9 )* these methods 1m m  mot t o n  a t t e s t e d  fci* 'to - present')
te a ts  * t<wy©F* some aatta& t* of to -  e lectro n  tem perature can fee obtained 
from arc  data  at- smwafeg 'Or pressure© sim ila r to  that#  occurring in  t o  
,tos© m t teste*- B e fe re to t Tt *»& 1 0 ;o to r r e c e to to a  t ^ ^ t o e s  
. t o t  range. approximately hetweea 1 #  end 105 % . Since ^  depends upon 
1*0 ©.illy no t o  square root* to -  use of' t o e  range of e lec tro n  temperature© 
permit© an order o f magnitude determ iuati on -of th e  ion  density* Th&& 
estimate- Of mg 1© s u f f ic ie n t.' to  a lta ?  tu & lita tiv e  discussion o f t o  
re la tiv e  importance o f curious processes occurring in  t o  arc*.
ts tim a tes o f t o  p o te n tia l a t  ■carious- regions of t o  discharge may 
■alt# fee c h ta to d  fey use o f t o  p ro to *  t o  procedure Is  to  eeimeet t o  
p r t o  through a variafele voltage supply to- e i th e r ' an eleetrode -or to  
tte o to r  -prOfe©* t o t  to ' e d |u s t t o  voltage u n til no agm & t i s  t o m  from 
to^profee*. fh© motor© used hate- «  ih te re n t i wm m m m j o f ©tout i  voito*- 
to aiiitlonsi ItoiwSM r^ ©©©nr© tom to  prto is cotootei to-w 
©totoi©# to to u ss t o  proto potom tfiii at- to -  ftoM m g p to m tie l i t  .less’ 
.to te ' t o  ' t o a  po tsiitisi,*  th is  voitog© e rro r is- roughly t o  m  to t©  
time© t o  to rm s l w & w f o f t o  eieetroms- e x p o s e d  in, e ie ttro s  v o ito i
Ik-
l® volts* fl& r e rro r is  m t  serious f o r t$ » #  te s t#  
since th e ' c&a^&rleon o f probe to  electrode voltage %m made p r im r lly  -to 
v srl% ' ik e  lc»*eieo;irode • iNiXi@#&*droji c te n w ie r is t i t  -of arcs- (lea# o f 
v o lts ) * them «b» probe voltage i s  compared to  'tho voltage on m other 
probe* the-'probe# are ■f lm otl-10 regions of s im ila r 
■#breitgtk* If- I t  i#  **#m &  th a t th e  tie e tro fi te g ^ f s i i r o  I# , the  $m* 
a t  regions of e fu sl :m gsetic*fiel&  t&m the e w  ire® each
probe should cancel* fa  view o f tM %  a few meiMuremeais of the 
f o i e a t i s i  -drop 'to  th e  iiktal. ouft th e  r fc i ia l  O i^ o tto o s  a re  attem pted* 
th e  asim atbal (B ali) cu rren t measureiiseats employ a. i 00*tarm 
w ire-co il com eeted in  se rie s  w ith a  balii#biiC*t^pe galvanometer* 
the iOOvfcisra c e il encircle© the discharge tube jm st ou tside a  region 
o f strong magnetic fie ld *  m is  p o sition  allotted th e  weak m apietlo 
fie ld - Induced by th e  M l  cu rren ts to  pa** -through th e  ©rot#- sen iion  
o f; the coil*  When- th e  discharge Is. turned o ff fa ie k l^ i the eolXapse 
■of the  H ail en rren t’© m g aetle  f ie ld  produces a  d eflec tio n  o f the 
1^ X11# ^ilyance^te^* ' fa  order ..to- n ftlllm t*  the la s tr» @ a tj the
B all o u rrea ts -were sim ulated %  two 8§*taim co ils*  these co ils  are 
9 *f On M  diamiefsf t*D os in  length  with, uniform windings * fa  the 
I t  i s  e d i t e d  th a t t^ -o s in o th g l ( l a l i l  c a i« a ts^ e re  
la rg e s t in  the - region. of stro n g est ra d ia l component, of the magnetic- 
f ie ld , Also* the B all cu rren ts on each side of the estkersml ..magnet 
r o t a t e  ta r th e  - opposite  ■direction*: t b i s e  e f fe c t#  %m s i w t o t e t  W  
^facing  the S a tu rn  co il#  in  -the two region# in  the discharge th a t 
.hate strong  ra d ia l’^ ^agnctle^field component (tig.* 3) and W  w ing  
■opposing current# ' in  the 'tw o . co ils*  'She collapse o f the weak magnetic 
f ie ld  of--the ca lib ra tin g  co ils - 'fo r several m ines of cu rren t i s  need
to  c a lib ra te  the galvanometer deflection  in  terms ©f *
TkmB f  the s^-asuremeiits w ith the discharge give the to ta l  cu rren t 
'ee iapei^ t in  im p u to r" 'W 'b to r  to  iatom l*te m  average m t o  of t o  
cu rren t #aus|ty.f i t  as assume# t o t  H it IsXX e a s ie s t se t#  m  a' single** 
tu rn  loop w ith a  e r a s # - ( i n  the region o f strong, magnetic fieM ) 
of' apprcu&tot^ly I f  #«#* .the reading in  .amperes divided by th is  a rea  
;$ l to  an approximate average m ine o f the B ail cu rren t density* 'to #  
iV m p  m ine may be a p p ^ c to ly  in  e rro r since th e  currents in ; t o  two 
■ ea lto a tin g . e o i i t  do no t exactly  s t a lu t e  Hie ac tu a l d is trib u tio n  of- the  
t o !  cu rren ts la  Hie- discharge* However* th e  existence and the order 
o f magnitude of the asim uthal ( f a i l )  curren ts ere  reasonably estab lish ed  
by to #  'method*
the gas pressure a t  e ith e r  end of the discharge tube i s  measured 
w ith ^Bastings1* thermocouple pressure .gages* t o s s  pressure .gage© are 
used to  e s ta b lish  the desired  discharge pressure and a lso  are used 'to 
measure any pressure d ifference between t o  ends o f to -  discharge tube* 
t o  pressure gages were reca lib ra te d  s e m to  tim es t o  t o t #  in  
order Hi insure re lia b le  readings*
f ip  t t t
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fit a  # u lf i t i tn t ly  a&mtg iMUPSHa fie ld *  t o  e t o to t i s  ro ta te
e l  m tm m  to -  magnetic f ie ld  l im e  w ith a  c irc u la r  frequency* «■ ~
(ey e le to a  fre§icanty) t o r e  i  H i l l  e t o t o a  to rse *  %  is  t o  
electros! t o #  t o  B is  t o  m a to to ^ fie ld  strength* t o  electron 
- © to la s  « e m il a  p o in t t o l a d  to*  guiding © to e r w ith a  rad ius to b fe , 
fo r t o  pressures of t o  te s ts , is  smaller to n . t o  electron aft*& t o #  
path (re f * it)* I f  m e lec tric  field* I  I©, applied perpendlaular to 
t o  ioagtoi© field*. t o  guiding; ©enter of t o  e lreu lar m otto  # rif ts  
In a  ti.re # tto  perpendieuiar to  both 1 and 2§ with a velocity S/b* 
t o # - t o t o  p e r to b f  t o i l  t o  e lec tro n  to l id e s  w ith s to k e r  p a rtic le*  
After to -  oollieto* . to -  E/B d r if t  ixtotlm of t o  guiding center is  
estaM ished again t o  with t o  guiding center displaced a small distance 
( «  t o  average). In t o ' d irection p ara lle l to  E* Bo further motion 
in t o  direction of S. occurs t o i l  t o  next collision* f to >  t o  
isegtoi© fie ld  can greatly reduce to - motion of' t o  electron in  t o  
direction of E while introducing a new co^oaept* perpendicular to 
both. 1  t o  1 #
t o  average e lec tro n  motions ewe be- expressed In  toss© o f average 
e lec tro n  velocity* v . i f  an- e lec tro n  m obility* I s  defined as t o  
average t o c t o o  v elo city  p er - to t-  e le c tr ic  f ie ld s  t o n  in  an electric-
f ie ld  v » '$sm- -pmmnm' #f tite ntigfttf&e. f ie ld  l&a?
■■*© i  w in  m  Mmttm eieetrte  fie ld *  v n  B ■ t#  he
'a^erseaaed If' the e ie e t f ^ r  p m ^  l& a fiatse
v,l •  «*e (» * vx»)
Vx -  W, fo*)
ifttettr vjj m& \  are &wmge electron mmpmmtu f e r ^ le l
end perpendicular !©■ I t  Solving for the v4®*
V, m
1 t ,  L  4 \*l  *(*%»)
V. ® {tttaS} "VI,' ’4® ts S» i f  fjytB)
"  ^  1 h  U 2 »  l M
■fheae v elo cities, are  usually  expressed i a  s lig h tly  d iffe re n t form, filing
-% ^  ( re f t S®. .the e lec tro n  smut ttm-,$&m. .tu re e n
m&Mlions*  then pJB « ’§ x  * e ®r #■
e
■£?* t*J§
V. a
* (¥e)
vx * (V * )  *ii
'the (®eTe) i#  a measure of the r a tio  mtrnmn the c|relotr©a
fre ^ te iiif  and the o e liie io a  fre^uenef * -If ( j ^ J  »% $. the e lec tro n  hat
the c irc u la r motion broken up by o o ^ M ^  #©£|£ai©pi* 
M ultiplying the storage v e lo c itie s  by the e lec tro n  eo i^ea tra tio o  *,i rw
and th e: electron mm®®# rn^gim m  the current dtmeity* fo r  the p m s I  
eo^igar& tten
and -a a s l 0 indicate the a ^ a l  and assiimittoai ■4ireotions respectively* 
fhe mtmith&X ( j^ X ) ' current density, jg* 1b larger than tlie .a^iai*enrroat 
density by the factor
Mm®- in  the preneat essperimeiit the mobility ■ of an-.electron in the 
direction of in  reduced by' the rad ia l^ag tietic  fieM j a  targe me In 
' reftxirot to  prodace m, given ‘earreiit le n ity #  t£ the ratio , n# ■ electron 
•to.-neutral c o » e it» iio a .'i$ '- .^ e e ^ r ttm'S&cngt $*01* e le c te d  collisions 
vlfl* positive loon ®m mm  frequent than with neutral parti«sX«n»- (let#  15) 
th is  is  because the electroB#ion. o ro tt section fo r coulomb collisions i t .  
. '|M ' larger than the X cross section in  the present range
of electron temperatures,, fhm, the equations fo r fu lly  ionised gases 
Iter  ^ w and r #* In fersnm 15 .#wea
■ • 0  S Mmm o is  then-
m s
% d (%^e) A
inhere o *  neepe i t  the- conductivity  in  the absence- of a  magnetic f ie ld
fOe resu ltin g  cu rren t d e n s itie s  Sf
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the ion wbtem 1# described %  sim ila r however,
since fa r  the ions is  le e s  than X, the ion  experiences n f
h o ills ie s#  la  ea t eycXetroii period  and c o llis io n  e ffe c ts  a re  doadaaat 
ra th e r than m agaetle-field  effects*  fh as, the ions tmm  p ra c tic a lly  m  
a s lw tb a l motion*. th e  lea  contribu tion  to  the a x ia l cu rren t, while mot 
negXlglblir, ia  estim ated from experis^n ial d ata  {ref*. 14) to  con tribu te 
le ss  than id  perseat o f the to ta l a rc  curren t fo r the present te sts#  
Ion isation  la  a s  arc. is  caused prim arily  by energetic electrons# 
O rdinarily., an. e le c tro s  gains the necessary energy by fa ilin g  - fre e ly  
between co llis io n s in  the d irec tio n  of the e le c tr ic  fie ld *  however, a  
transverse' magnetic f ie ld  can .greatly impede th is  motion and. between 
co llisio n s*  an ©Xetbroi* w ill gala  an energy o f about j& -fret* I t]
which is  eeasidefahiy leas, than in  an a rc  w ith no transverse magnetic 
fie ld *  %Suis* the transverse magnetic f ie ld  w ill, slow down the ra te  o f 
energy in p u t to  the electrons * ^his amst be compensated by a la rg e r 
■electric f ie ld  In  order to  m tavtelii e f f i c ie n t  iom lsatlm *
fhe magnitude of th e  volume fo rce on the discharge gas can be 
.determined by a im in g  the. e le c tr ic  and magnetic fo rces cm the various 
p a rtic le s  in  the- gas* The e lec tro n , which ha# m  azim uthal velocity  of 
almost E/B, experiences a lorente force of evfi .  *§8 - «*, to 1ft*
m. d irec tio n  of th e  -cathode. fh is  fm *m m. the e lec tro n  
t ^ i ^ e d  hy t&e -eE:gs fo rce .o f the -e lec tric  f ie ld , in  the d irec tio n  e f
■ the anode.-* to  iois -e^erle»eee :a -force th e -d ire c t!m  o f  the
■ .-cathode due- to  the e le c tr ic  fie ld *  Sine# astom thai velocity  of the 
Sons ts  very sm all, there i s  . l i t t l e  -LOremtn force- eh the toes to  the 
a x ia l .d irec tion .
th e re  i s  l i t t l e  force out the n e u tra ls :due to-. 32 or"' B» Ihms  ^ the
■ mm o f .the volume- t r e e s ' cm th e discharge gas i s  u^ei^ -to the d irec tio n  
o f the toth©d8«
'the ac tu a l force on the discharge- gas ton cm  he reduced to  several 
ways, ;fhe .p w ito i ' th a t the- io n s . gain  i s  transm itted  to  the n eu tra ls 
hy c o llis io n s , re su ltin g  in  am -effective forme on them eutrals-. fh is  
causes the- experim entally observed pressure d ifference • S w sm ci i f  
am lorn co llid es w ith a  wallj. i t s  a x ia l momentum may he transm i tte d  to  
the w a ll-ra th e r than, to  the n eu tra l gas. th is  mould cause m  appreeiahie 
decrease to  the e ffec tiv e  volume fo rce on -the gas.
Another mechanism th a t can decrease the e ffec tiv e  fo rce i s  the 
a&lmuihal motion- o f th e  gas th a t to  caused hy co llis io n s  o f e lectrons 
moving to  the azim uthal direction-.- Ihe moving gas w ill carry  along the 
ions which w ill experience evQB in r m tz  force- In  the d irec tio n  of the 
toed#* f lits  would reduce tie- effective, volume force* w all f r ic tio n  w ill 
titomp th is  atiim itM i -gas iao tito  well, heiew the e lec tro n  d r i f t  motion Uf&§- 
hu t the effect- s t i l l  prohahly e x is ts  to  m m  degree In the p resen t te s ts*
■-/:'^ .-:immm system i s  evacuated to- a  fra c tio n  o f  a  :micron p ressu re, 
then purged w ith argon - se v e ra l' tim es, 'and f in a lly  brought to  the desired  '"■ 
operating pressure *. A toltogm  in  esb to llstisd  aerd-ss tog e le ttfo iis *  - - 
.the 'arc ' i i  s ta rte d  by- a  *$esla coil,®  an o sc illa tin g  high*voltage low- 
cu rren t supply w hiehprovtdee i n i t i a l  breakdown o f th e  gas*'' too are 
usually  s ta b ilis e s  very quickly , a f te r  which the various measurements 
a re  made* toe a re  cu rren t and voltage are varied  by varying' th e  starting :-, 
'voltage' and/or by changing the- value o f to  externa1 r e s is to r  planed in  
series- w ith the are* the duration  of a  te s t  i s  lim ited  t o ’3$ to  
§0 seconds because the re la tiv e ly  high power rap id ly  ra ise s  the g lass 
tem perature .and re s u lts  In  ootaslonal g lass breakage *
W ithout toe smgaetie. f ie ld s  toe discharge f i l l s  only toe upper 
portion  o f toe g lass tube and ex h ib its  toe normal volt^ampere ch a ra c te ris tic s  
o f a  low density  are  (ref* $}• A ty p ica l c h a ra c te ris tic  i s  shown- in  
figu re  5* With- a  sm all magnetic f ie ld  of about BO to  HO gauss, the 
discharge to  f i l l  o a t tom tmbe ra th e r -unifom ly Cfif* t ) :*
With toe magnetic f ie ld , the arc  voltage mi curren t a re  f a ir ly  steady 
fo r  toe 15 to  30 seconds duration  of a  tost*  A lso, toe re su lt#  are 
repeatab le from one tost- to  w ith e r  w ith only a  lim ited  amount -of s ts tto r*  
to e  volt-am pere c h a ra c to ris ti as. of the are ate- presented in  fig u re  € 
fo r 'various values, o f pressure -and magnetic fie ld #  toe- strong positive
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Figure 6.- Volt-ampere characteristics of arc with magnetic field. Pressures are
in microns Hg.
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elope of the volt^ampere c h a ra c te ris tic  o f the p resen t arc  d if fe rs  f t m  
"’'the s lig h tly  negative uh& ra& teristle of m m  w ithout magnetic f ie ld s  a t  
s im ila r p ressu res, of* the f l a t  c b s ra e te rie tie  o f the j&ugnetie
mm wfoleh operates a t  M & m  p ressures (seaf * XI).# the in s t a n t  elope 
of the volt^ssjpere slisfBhtaiirisSSs isSS-OBtas an almost constant 
r e s is t iv ity  Im p en d en t of over the  range o f the te ste#  Higher
magnetic f ie ld s  increase th e  slope- o f the are  c h a ra c te ris tic  while 
Mgm% pressures ieerease  th e  slope#
Ion ten s itie s  are 'measure# a t d ifferen t are currents ant voltages 
fo r several values of pressure ant m gnetic^iiel# strength,# Sowewer, 
calculation of mg from the profoe data require* knowledge of the 
electron temperature, which is  unknown# p re fe r# ,, the r e s e ts  are 
presentet as versus are current (tig* Tl* th is  quantity
increases ra th e r l lu e e a ^  w ith #n estim ate of' th e  ion  density
sun 'foe for a typical .point foy assuming a ressonufole value of' the
i-
electron. te©pe.ruture# $fcett&l©g the data fo r  argon a t  pressure «*. 
to  Mercw.# magnetic f ie ld  » .130 gauss, a re  voltage * 300 volts,- 
..are- eu rreu t « %o u te res.#  an# assuming f e » E gives
mg * f % 10^5 per <rf* Sis is efilwalent to about i*£ pereessfe
k
Botenti^l difference# htttm ea an electrode an# a  floating trefoss la  
the discharge region wm t m  aleataroOs were, measured fo r a few 
ffaaft assu re#  values very from 00- to  P  volts wMeh are typ teel of discharges 
R elating  in  the are regime* Potential difference in  the ax ial direction 
are m ature# between two profoes plate# a t  d ifferen t axial positions in. 
the discharge* IHie assasurements in d ica te  large -uyi-ul p o te n tia l g rad ien ts 
|m 'the regions of strong rad ia l magnetic fleM j conversely, re la tively  
small potential gradients are found a t regions of weals rad ia l ©agnatic
8x
10
mtfe&t is#  m m  tfeo middle o f' t t e  iro n  w e  an& In  - tb* regions 
■«w  tins eX eetroies* m m m e m n t of p o te n tia l d iffereaeee lm tn e  ra d ia l 
d irec tio n  a re  te s e n tla s i^ *  because ttee values -we appr03£isB.tei|r
0 to 5 ^Ito* vitiUfe i s  to IBs o f tins »H i i  used*
'Baines of tb& sstm utnai (Hall) -oarreni d en s itie s  measured a t  
several operating conditions are  presented in  t&fele X* Use ra tio  of 
tb s ' ia ll^ e n rre n t d en sitie s  to a x ia l cu rren t d en s itie s  are -a lso  presented 
in  th is  ta tle *  flfoa H ali*earreai d en sitie s  a re  around ten  t t s i s  tt*e 
axial^om rreat densities*, f lm $  desp ite  tie- ste teo m in g s of t&e measuring 
teoiuiitnes# tfce ex istence o f sg#reeia&X© B ali cu rren ts is  established*, 
fo r  tH» disc&arge V3,t& th e  magnetic fisM # -pressure d ifferences 
in  the range o f fp  to  WO microns se re  observed: between the ends- of the 
toefaarge tube, $fe* Signer p ressure was observed a t  11m e e iM e  end-#, 
these measurements are. n o t pa^tiouXarXy accurate and the pressure' 
d ifference 1ms not M m  systesm tioaX if studied* However# these measure* 
menf s  demonstrate th a t an aooeXeration Bmoimnlaaa in  the d irec tio n  of the 
cathode i f  present *.
fa  s& tu*o ittittgost a ■ stagt&tlo fio ld , to# are iaXtss& t r a in s  
fa ir ly  constant or fesmmses sli^b tljf v illi an inem&se in  arc eisrreiit
V  .-fL. ab -A-«flhi- *&■. —»■- f& T t\ '‘-“-nHiil flhi’ TliMi iJfci-ii-a^ -^ at. .iM.. *CL<Uih fXr ■* -° * ’tin ~ti^ l i i '  -  ■» ,-u .Jk  *%.- .ma. -<-•«»- -A« .^ k- Jte-%'-. —. —.. u . . ^ . | > M  riJM All A t  '-•- --.W^ -dL. .jmire* * o | sms jsi^siare ansi lire s*ss*Br to- t&so smiixnis te s ts  *
flfois to  os^lnined the fo o t t i n t  tits  w ^ o ^ t density  o f currsist 
osrrior© (qftwlfy sIsw880fHrt ^rtrT toorftfifp? slt&out l ng^*^l**gi %%$ oliootirio 
f lsM  fre t*  15)* ffets I s  i^ s lM o  I f  t o  Im u  o f to rs© §  sBtoo&e* i s  
p rls& rlly  %  a if to lc s i*  For til ls  m m $ both t o  t o o  o f t o n  o f 
a lo o tro i^  by io a tto lo ti  t o .  t o  lo ss  Ibqt d if to ic n  am  p m p o r tls to  to  
%* t o  t o  balance te to e n  gain  * to  lo ss  can 0© s a tis f ie d  t o  % range «£ 
sslao a  o f «^ C to  to e d  t o n t s  o f M t o  W0}* In  t o  p resetit t o t s *  to r*
m f*Ws) ^
over* a s  increase In  t o  t o s i  cu rren t density* Jft » 1*3S x 3l#  g f
i s  found 1 ly  to  a  oarrssgxftfcftl&8 increase la  am  volts®©*
in  sp ite  of t o  strong  iep to im ce  o f Js  on t^*  A i u g p t t o
■AfcSCt Jfek dib >S I^ife -Ah»lLfc. ja— tta jAj*. J0-. a^jML^aAt A -. *fc •»■- -^■•■-dl^- falUiMfc if thtfc ■-. '- uL-Uijyv nt -g »f ■ rrt MhJbUtaaMlllillhES0* tii is  o ffs e t i s  ttsst eissfgeci p srnoxos -are. ‘lo s t  tsais i y s f^ vo#tiiBe ytxs&oxoiM* 
ootloti rs tiisr tusn olffasica* H) siisiiiif in toriiretatica c» ts© essse of 
a  r isin g  w lts s o  ***4^ o f on eleow so am  l^ t ^ n t  a
fieM ) Is  pFeseoted %  Eeoty fre f. .|£}» Since s o to s  m ooabto tios Is  
to  t o  to s m s  t o t o f i  ^ l» . t o  lo ss o f lo ss  t o  f l t o  
m to s  o f 8^ t o  f e  i s  t o i s f t o  %  one to«© j o f In o r to
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to  increase %* t o  e lec tro n  tem perature f 0 must be: increased %  
ra is in g  8 *- re su ltin g  i a  a r is in g  are  voltage fa r  r is in g  current*
■fMa in te rp re ta tio n  can be e b e to d  by a  rough eoB^arison of t o  
b es t o f ions by ambipolar d iffu sion  w ith  t o  lo se  %  volume resomM nation 
fo r  ty p ic a l data*- t o -  pwrfeSelt; cu rren t density  lo s t  to  , t o  w all h r  
i i f t o t o  t r i l l  be to g s iy  (fbf* 1#|* i#in§. t o 'd a t e  t o '
a r t o  'S t which pressure * I#  microns* magaetie f ie ld  «■ 13® gauss* are  
voltage « JOO volts* t o  are  curren t * %® amperes* t o d  t o  ion  m obility* 
# 1* i s  3 x  10^ e m ^ /w lto e e  ( re f  . 1%}* t o  e lec tro n  energy in  e lec tro n  
a t  %®*®G0°  ft is  3*3 w its *  th e  d istance from t o  cen ter of 
t o  discharge tube to  t o ' wail* R> is  about 1 cm* and n^ i s  
5 -k i t ^  . t o e  g ives.#  a r t i c l e  current- density  to  t o  w all o f
I* !  x I # 8 t e a o / a # ^ * ,  the surface « * »  gear aittft leng th  Is
33*% cm* t o  m M pm lm  d iffu sio n  lo ss w ill be- ro u g h ly !® ^  :to s  per second 
per u n it length.* $fae volume reecmM mifen i s  <*»|> w here; t o  .ion 
recoftH nation co effic ien t*  n o t. be estim ated from experim ental 'data 
( re f  ^  1% 5 % "Various ■ measuremen ts of c  fo r pure argon in  the mi tlfm ete r  
pressure range vary from bo to- 10 * depending p a rtly  on the method#
»  «  » I 6- 8 ' to  '« m »  « *  «e * ?  X » »  the loan of ions
'W itt be f  k  1®^ Since t o '  volume' -p r  :w itb length  i s
M S  os?* t o  lo ss  o f tens per u n it length  I f  w to #  i m i i i i t o  w ill 
be roughly 3*3 x 10®° ito /« » to o *  which .is of th e  same order as t o  lo ss 
by diffusion* t o s s  rough estim ates . t o ld  e a s ily  'he in  e rro r by an order 
o r to  in  magnitude* because of t o  uncertain ty  in  - t o  re c to in a tio n  
■ toffl# ien%  «* However* in  to -  various experim ental measures^nts of %  
castrom# ear# w  -used to  avoid im parities*  esp ec ia lly  t o l l  amounts mi 
e ie e to n ^ t ta c l i to  its# #  which could increase' t o  values -of m to  t o
range of 1®**^  to  10**^  (ref*  l k ) g while s in d le r tare- mm not taken in  
the p resen t te s ts  * fhas t o  effect- of on t o  'are
t o t o t e r i i t i e e  o f these te s ts  i s s t t l l  considered im p e r i ito f 'to  sm ell 
amount o f  - im p u ritie s  t o t  were p robably  p re sen t would ten d  be  in c re ase  %• 
m l Increase the importance of reeombSmtion* da attem pt w ill  be made in  
t o  near fu tu re  to  use - spectroscopic methods to  determine t o  p re s to #  Of -
-- to ' i t o f i t o s .
Since to -  io n isa tio n  i s  Mgh (usually  g rea te r t o n  l  percent}* t o  
sim ple toory ■ toertod previousiy imy be .used to- give -axial .current
b \ 2jg j ”
3tois ,*wy be. soap-a^d bo axsw ri*
■■''; ' ; * \ v a ■*-'
-■ menial r e s u lts . assuming, m  e le c tro n . tem perature o f &t 0 sin g . t o .
:;-daba'.in..argon, a t  stitch . t h e , a rc  cu rren t.®  .amperes*;m&  v o lta g e  m ■
'■JOO volts* m agm tle .fieM  -® 13® gauss* n is  approximately 3  n 1®^ electrons.-.
■per ■ «*)? and assumi«g. %% *  J B f i 1 § * %  v e l t s / a a  | t o t - i s * - ; t o
13 ms
voltage drop* except for 6 0  -volts*' occurs across t o  region, of strong.
'm s to t ie f ie ld -o f  - to u t  %$ dm)* to n -  4^ * i* i  t o i r l s "
Comparable to ttoe experimental average value of ^  • 1.1 eanperes/ca2
-h to to r in g ' t o  aso erta im #  tm to -  e to t r s n  to p e r a tw *  I f  an e lectro n  
temperature-' approximately- e«pal' to  ^6*000° t£ i s  assumed* t& th e o re tic a l 
v S ta r of" 'mmM  t o - ■ value-*
t o  a rc  voltage r is e s  alm ost lin e a rly  w ith a r t  current* which 
. iu t o a t o 't o b  t o  tto n ttlv ity '.a lo i^ ' t o  e to b r io  f lo ld  remains fa ir ly  
■constant w ith increasing  e le c tr ic  field*- th is  probably result#- from t o  
t o t o s e  in, both a# and as t o  e t o i r l e  f ie ld  Is  increased  such to t -
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the e f f ec t  m  &are or loss balanced m e t him lifted range
of currents bested*
The. s lo p e 'o f the m e  eh arao teria tfc  increases w ith increasing 
magnetic .fi#l4*.. f t t i r  I# - c ^ t t e #  sitise  a- la rg e r jjMNSi^ t&g -fie ld  iCipsies 
the io n isa tio n  by decreasing tbesm ouni of energy th a t an e lec tro n  es& 
gain: between c o llis io n s  and,also- luspedes him m t tm t  by >reds*oltig the 
motion .of the e lec tro n  m%m$. the e le c tr ic  fie ld *  Both e ffe c ts  requ ire 
a la rg e r e le c tr ic  f ie ld  fo r a g f re n  m p i .  Tbtr slope of -the are 
eiwaeterfstic aliO\lnoreaaes w ith decreasing pressure* .this•■is ■Mlfeved 
to  le  ceased b y th a  e f fe c t o f  pressure on ion isation ,. At a  lower 
pressure* a la rg e r electron  tem perature is  required  to  m aintain ionix& tion 
because of the le ss  frequent encounters w ith n eu tra l particles*. In  the 
fixed  magnetic fie ld *  the higher Te can he obtained by increasing  38 *
The measured tatoss of the. Haii-carrcnt densities’ .'are so^what 
Im m  than w aM  he expected tttm - o ther ■e&^riaietitai data* ThMe X presents' 
a  co ^ a riso n  o f the experim ental 'H all*cnrrent d en s itie s  w ith those 
s e a t e d  hy ■* where • Is  evaluated w ith the experim ental
vaines of smd ass^ng.-f^..® ^ *000° E* Whett^r an,
■mmmmteC. fo r mechanism reduces, th e  B aliucurrent o r whether the 
deference, - is , due p rim arily  to  the. crudeness, o f .the various m m m em n tc  
a»4 ’ .assn^tions. ■ mm@h he detersjiiied ^ t i l ;:ii^ i,oirtd in s trim ssntation 
i s  available*
The measured .values, of-.the .pressure d ifferences are a lso  lower' than 
expected, from, the experim ental -data# The volume force- in  the ax ia l 
dlrectlcn'shouM .he, s^ing, ■*# f^eres/cmP and
% », if#  ^ « S | the p r e ilc te i r&ivm- 1*1 newtons/cm^*. I f  it . i s
assumed that -tfcia force i s  e le c t iv e  over a length  X$ m  (the regions
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'of- s tr in g  s&gaetl© ttee ilfftr«n©@  siioaM'fea atXMt
;ipsp «m&Ii %m$&w i%$m m&wfaamimX w l^ e s  ©f
f i M  f t
®QMGW8Z(M$
i * . -  f f e i  pm m &  ‘t e s t s  « s »  m  m&*X e J e i t r i ©  o r e  l a  & r a d i a l
jaagaeti© f i e l i  ahtv a  p o sitiv e  voiiHaispere # w a a ta s€ a tlf t4 fl*e 
p o sitiv e  © M rael^ristie  loa^ r Be e ^ la itte d  i f  volume reeom tdaatiea eon* 
trl& xtea M g a iflte iitlir to  i&© lo ss  a t  ions r a t te r  Item M ffao iea  alone*
§♦ f te  elope o f t t e  p o sitiv e  © te m e to ie tle  Is  oongtant v itti 
S a w e a s ;l a B  e m r r e m i ^  f r p d f e a t i p s  i t e t  I t e  © e a t l u e t i v l t f  l a  i t e  
d lreo tlo n  remains f a ir ly  eoastsuat over turn range o f ©mrasents tested*
3 f f te  slope o f i t e  p o sitiv e  e te ra e te r is tie  laereases v ita  
i a e r e & s i m g ;  s a s a e t l e  f ' S e i S  o r  v i t a  d e c r e a s i n g  p r e s s u r e  *
4* :H easaret values of i te  ag tem ttel {Ball) cu rren t d en s itie s  vere 
I m a g e r  t t e n  t h e  a & i a l  O M  d e n s i t i e s *  ? § » »  m e a s u r e d  j s m & i #  o f  B a l l * *  
mmm%  d en sitie s  to  t t e  ax ial*oufren i d en s itie s  agreed im order of 
mgmiiu&e wilt* those p red ie ted  hgr t t e  s t i f l e  tteo rjr m et*
f * treasure gradients rntra observed- vtoiea imdtosie that an 
aaealerstim g taettemisai ac ts  on t t e  n eu tra l p a rtic le s  la  t t e  astlal 
d ii*eetioa| the to ta l  pressure 4U£&hN$m* tetveem tfee ends o f t t e  iis e te r§ s  
moo an order of sognitm&s lees- item  expected on the te s te  of' the te l l*  
current ®easafei®eats *
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